Human and veterinary scientific researchers widely use rats as experimental animals. The rat nerves conduction studies are used for investigations of neural tissue injury, neural regeneration, peripheral neuropathies etc. in experimental models. Nerve conduction studies on animals do not follow strict rules, as studies in humans. Various methods and lack of the single recognized technique of nerve conduction study on the animals often lead to difficulties in the interpretation and comparison of the results of similar studies. In the present study, we have described the minimally invasive motor nerve conduction study on the rat sciatic and tail nerves. Electrophysiological examination including nerve conduction velocity and compound muscle action potential amplitudes measurements were performed on six normal growing male adult Wistar Albino rats. The mean motor nerve conduction velocity of the sciatic nerves was 58.90±5.07 m/s and of the tail nerves was 40.23±2.39 m/s. The mean compound muscle action potential amplitudes of the sciatic and tail nerves were 17.91±6.75 mV and 1.89±0.49 mV, respectively. Similar results of previous in vitro and in vivo studies prove the objectivity and reliability of our nerve conduction technique by bipolar needle electrodes on the non-exposed nerves.
INTRODUCTION
 İletişim (Correspondence)  +90 474 2251198  nergizabbas@gmail.com maximally evoked electrical activity of all active neural fibers. The CMAP recorded from indicator muscle reflects the three values: the size of the motor unit innervated by the axons, the size of motor nerve fibers responding to the stimulus and the synchronization of their response. The greater number of active fibers increases the CMAP amplitude [1, 2] . The amplitude of the CMAP recorded by the proximal and distal stimulations conventionally is measured from the peak of the negative deflection to the peak of the positive deflection [1] . The time required for the onset of CMAP with distal stimulation is called the terminal distal latency. The MNCV can be calculated by dividing the distance between proximal and distal stimulation site with the difference of onset latencies of two CMAP. The MNCV reflects the degree of myelination of the fastest axons [3] .
As conventional, surface or needle electrodes are use for CMAP recording in human and animal practice. When placed to the skin, surface electrodes allow a non-invasive assessment of the nerve. Surface electrodes are adhered to the skin overlying the selected muscle for indirect measure of muscle generated potentials. Invasive methods consist of surgically placing electrodes on exposed nerve or introducing needles near to nerve. Needle electrodes convert direct signals from selected region of the muscle. Needle electrodes which used in the electrophysiological studies have monopolar, concentric and bipolar properties.
Human and veterinary scientific researchers widely use rats as experimental animals. Viability, fast reproduction and simplicity of these animals make them indispensable in experimental researches. In neurology, rats are used in models of human neurological diseases, neurological drug researches and for development new diagnostic neurological approaches. Particularly, rats are used for investigation of models of peripheral axonal and demyelinating neuropathies, neural tissue injury and regeneration [1] [2] [3] [4] [5] [6] . Usually, in these studies scientists have used rats' sciatic nerve, because easy for stimulation, has the simple anatomy and relatively thicker than other peripheral nerves [1] [2] [3] 6] . As known, the rat sciatic nerve originates from spinal segments L4-L5. In the middle of thigh sciatic nerve is separated into two major branches: the tibial and peroneal branches. The peroneal nerve passes laterally and innerves anterior muscles. The tibial nerve takes a depth course, passes between the lateral and medial heads of gastrocnemius muscle and innervates the flexor muscles [7] . Also, the rat tail nerves conduction studies are used for non-invasive investigations of peripheral neuropathies in experimental models [5, 6] . Caudal nerves of rat tail originate from sacrocaudal spinal roots and pass along the length of the tail where they are divided into two minor dorsal and two major ventral nerves [8] .
Frequently, for selective stimulation of the nerve and recording the CMAP's in rats are used surgical exploration of the sciatic nerve or other nerves and muscles. These methods can result in sacrificing the animal, because this trauma leads to severe disability or death. As a result, researchers can not track changes in nerves in the same animal over time. Also, multiple animals are needed for the same study.
On the other hand, there are some issues such as ethics and humanistic use of animals in studies. The most appropriate research method and minimum number of animals, which may lead to scientific results, must be preferred in animal studies. Minimizing the pain of the animal during the experiment and less traumatic and appropriate methods of anesthesia and analgesia must be used [9] [10] [11] .
For these reasons we tried to describe two useful and objective methods of motor nerve conduction study of the sciatic and tail nerves in rats without exploration of nerves and animal sacrification or disability.
MATERIAL and METHODS
This study was performed on six normal growing male adult Wistar Albino rats, weighting 200-225 g. These rats were used as controls in previous study with the approval of the Ethic Committee on Research Animal Care at Veterinary Faculty of Kafkas University of Kars, Turkey (No 2012/30) [1] .
All procedures were performed aseptically. The rats were anesthetized by using intraperitoneal 10 mg/kg xylazin HCl and 80 mg/kg ketamin HCl. The animals were positioned prone with maximally straightened hindlimbs. The rat's body temperature was maintained by keeping the animal on an electric pad that was switched off during recording. Core temperatures were measured by placing the probe on the sacrum. Rat's core temperature was maintained at between 36-38ºC. Electrophysiological measurements were taken using Neuropack M1 MEB-9200 (Nihon-Cohden Corp, Tokyo, Japan) device. No animal were killed or disabled during the present study.
Sciatic Nerve Conduction Study
In this study, the sciatic nerve was stimulated percutaneously from bipolar needle electrodes which were placed at the level of hip joint and popliteal fossa. Recording bipolar needle electrodes were placed in medial gastrocnemius muscle belly (Fig. 1) .
Accurate placement of the recording needle on the gastrocnemius muscle is very important, because the volume conduction from neighboring muscles could result in false positive signals, mostly from the biceps femoris muscle [3, 12] . The common reference (ground electrode) was placed on the basis of tail. Electrical stimulation was square pulse with an frequency of 1 Hz and duration of 0.2 m/s. The stimulus current intensity was increased gradually up to HUSEYINOGLU, YAYLA, AKSOY supramaximal intensity (current intensity 30% above the value to evoke the maximal CMAP). The stimulation was repeated 5 times for all measurements and the average values were recorded. Then the rat's hindlimbs were straightened and the distance between the stimulating electrodes were ascertained with a tape measure to the nearest millimeter.
In each animal, both sciatic nerves on all 12 hindlimbs were investigated. Fig. 2 shows schematic illustration of the bipolar needle electrode arrangement for the measurement of MNCV in the tail nerves. All electrodes were inserted intramuscularly. CMAPs were evoked by stimulation at point B on the middle part of the tail and point A in the proximal part of the tail. CMAP was recorded at point C, located about 2-3 cm from the end of tail. Frequency, duration and intensity of the electrical stimulation were performed as on the sciatic nerve. The distance between the stimulation and recording electrodes was measured by the tape measure in the straight tail position. MNCV was calculated by the conventional method: the distance was divided by the difference between proximal and distal latencies.
Tail Nerve Conduction Study
We performed all measurements as accurately as possible because the small error in distance may lead to incorrect results in MNCV. Also, we tried to minimize the artifacts and to record a response, when the electronegativity from the isoelectric line was started. Fig. 3 and Fig. 4 show sample traces of sciatic and tail nerves motor conduction studies.
Statistical Analysis
The results were analyzed using Minitab-12 statistical software. For tests normality of distributions were used the Anderson-Darling test. The following variables were considered: MNCV and CMAP amplitude. All results were expressed as the mean ± standard deviation (SD).
RESULTS
The mean MNCV of the sciatic nerves were 58.90±5.07 m/s and of the tail nerves were 40.23±2.39 m/s (Fig. 5) . The mean MNCV were statistically slow in the tail nerves than in the sciatic nerves. The mean CMAP amplitudes of the sciatic and tail nerve were 17.91±6.75 mV and 1.89±0.49 mV, respectively (Fig. 6) . The CMAP amplitudes of the tail nerves were statistically lower compared with the amplitudes of the sciatic nerves.
DISCUSSION
Nerve conduction studies in rats are used in animal experimental models of chronic or acute axonal and demyelinating neuropathies, in nerve injury and regeneration studies and for better understanding effects and toxicity of several drugs [1] [2] [3] [4] [5] [6] 8, 12] . In the human and animal medical literature, particularly in rats, numerous nerve conduction techniques have been described. Nerve conduction studies on animals do not follow strict rules, as studies in humans [13] . Various techniques of nerve conduction were described in each animal study. Most of these techniques were performed on the exposed nerves in vivo or on the nerve segments in vitro [1] [2] [3] [4] [5] [6] 14, 15] . Sometimes, researchers preferred recording from the different muscles (gastrocnemius, tibialis anterior or interosseous muscles) and by different type of electrodes (surface or needle electrodes). Various methods and the lack of the single recognized technique of nerve conduction study often In the present study we have described the motor nerve conduction study methods of the sciatic and tail nerves and attempted to verify the results of our study, comparing with the results of previous researches. Although the purpose of this study is not to compare the velocities and CMAP amplitudes between the sciatic and the tail nerves, we found that the sciatic MNCV investigated by needle electrodes from gastrocnemius muscle were faster than the tail MNCV. Also, the sciatic CMAP amplitudes were higher than the tail CMAP amplitudes. Those were the expected results and explained by the "size principle" of Henneman-larger muscles (gastrocnemius muscle) have bigger motor unites with thicker nerve fibers and thus, have faster conduction velocities than small muscles (tail muscles) [16] . Some electrophysiological studies on rats were performed using surface recording and stimulating electrodes [4, 8, 17] As known, surface electrodes non-invasive, painless, easy and quick to use [18, 19] . Surface electrodes record the activity of a large area and as a result, give the information about electrophysiological activity from the large muscle groups. On the other hand, surface electrodes lack specificity because they sample a large volume of muscle and thus, are not be able to distinguish signals from the target muscle or neighboring muscles. Also, surface electrodes detect signals from the superficial muscles and not from the deep muscles.
Nevertheless, using of needle electrodes is an invasive procedure and can lead to pain, neural and muscular injury, we preferred to use the bipolar needle electrodes, because they can record and distinguish signal from selected muscle, especially from the thin muscles in the small laboratory animals, such as the gastrocnemius muscle in the present study [9] . According to our knowledge, this is the first study where were used bipolar needle electrodes for stimulation non-exposed nerves and recording from the gastrocnemius muscle.
The sciatic and tail nerves conduction studies by needle electrodes were performed in some studies on rats [3] [4] [5] [6] . Relatively long distance between two stimulation pointes, thickness of these nerves, easy to stimulation, simple anatomy of these nerves are advantages to use in nerve conduction studies [20] . Study technique, sciatic and tail MNCV and CMAP amplitude values in previous studies were similar to our results. Oğuzhanoğlu et al. [4] found that sciatic nerve motor conduction velocities were 55.12±9.63 m/s and CMAP amplitudes of gastrocnemius muscle were 31.87±9.38 mV. Also, Kasselman et al. [6] reported the motor nerve conduction velocities in the tail and sciatic nerves were similar to our study results. Another author reported that the sciatic-tibial MNCV was 46.3±12.4 m/s and CMAP amplitudes were 10.2±3.9 mV; and the tail MNCV was 21.9±3.2 and CMAP amplitudes were 8.3±3.3 mV in rats at the 9 th week of age [17] . Additionally, some studies, which were performed on isolated sciatic nerve segments and on the exposed nerve, support our results. Dalkılıc et al. [15] performed sciatic nerve conduction study in vitro on isolated nerve segment. Conduction velocities in their study were 55.7±2.6 m/s similar to our values. The study on exposed sciatic nerve was performed by Wang et al. and the results were close to ours [14] . Another study, performed on exposed sciatic nerve, reported that the sciatic nerve MNCV as 46.9±2.2, 53.0±2.1 and 48.9±3.8 m/s depending on dietary supplementation [21] . Similar results in vitro and in vivo studies prove the objectivity and reliability of our nerve conduction technique by bipolar needle electrodes on the non-exposed nerves.
However, Rupp et al. [22] considered that recording CMAPs from the gastrocnemius muscle in rats should be treated with caution, especially, if monopolar needle electrodes are used for recording. On the other hand, recordings from the gastrocnemius muscle have been applied in various studies. These studies do not contain any inconsistencies about recording from gastrocnemius muscle [23] [24] [25] .
In addition to the above, the minimally invasive measurements may be valuable tool to displaying peripheral nerve changes and it was confirmed by histomorphometric evaluation in the previous study [1] .
In conclusion, the results of present study and other similar studies show that minimally invasive sciatic and tail nerves conduction studies with bipolar needle electrodes may be the suitable methods in rat models of peripheral nervous system diseases. These methods of nerve conduction may be preferable in cases where researchers need further observation of surviving animals after examination. On the other hand, from an ethical point of view, these methods are minimally invasive and not the cause of death or disability of animals, such as in the present study.
